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ABSTRACT 


The results of measuring the effects of environmental variables oh acoustic trans¬ 
mission in the ocean are summarized in this report. The environmental variables 
were measured both before and during a controlled-geometry submarine exercise, 
using sensors on a research vessel and an aircraft. The acoustic signals were 
obtained from the submarines. During the submarine exercises, the SUBIC DDP-24 
computer was used to predict the best listening deptlis for each run, using the most 
recent sound velocity profile data measured from the submarine as the input to a 
ray-trace program. The interpretation of the acoustic signals in the context of the 
measured environmental variables is the major result of this report. 
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I 

INTRODUCTION AND SUM^/IARY 


One of the primary objectives of the SUBIC Research Program is to develop 
techniques of applying knowledge of the physical ocean environment to the 
tactical deployment of attack submarines. 

An initial approach is to develop display techniques which can be utilized by 
the submarine commanding officer in decision making. An important develop¬ 
ment of the recent past is an acoustic ra}^ pattern display of the sound energy 
generated by a sound source (own ship or target), and. the adaption of a high 
speed, real-time, compact digital computer with cathode ray tube display for 
implementation of shipboard ray pattern display. 

The first use of this computer-display system at sea took place in February 1965 
aboard the USS DACE (SSN607) and demonstrated the applicability of ray trace 
techniques for tactical decisions. 

The second use of this system took place in July 1965 aboard the USS TINOSA 
(SSN606) and further extended ranging techniques. 

The need for improved environmental models to provide more realistic inputs 
to the ray trace program and computations of transmission loss is recognized. 

For example, the space-time variations in the sound velocity vs. depth profile 
can introduce significant changes in the ray paths and sound intensities for 
given depth/range combinations. 

The third at-sea test, in January 1966, was designed to measure the environmental 
variables and their direct effect upon sound propagation. These propagation 
studies were conducted by the USS PERMIT in conjunction with the USS BLUEGILL 
{SS242) off the United States West Coast, at which time R/V SEA SERPENT obtained 
time series measurements of oceanographic parameters. TMs report describes 
the results of that experiment. 

As planned, the exercise resulted in two sets of data: the signal data from the 
submarines and the environmental data from the research vessel. The interpre¬ 
tation of the former in the context of the latter was the principal objective of the 
exercise. Hov/ this was done by utilizing the simulation capability of the SUBIC 
Ray Trace Program constitutes the major result to be reported. 
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CONFiDENTIAL 


(This page is UNCLASSIFIED.) 

Briefly, an order of magnitude difference in the variance of the received acoustic 
signal was recorded at ranges of 5, 000 and 10, 000 yards (Section IH). Further¬ 
more, the variance was smaller at the longer range, discounting volume and 
surface reverberation as possible explanations. A difference in variance of 
comparable magnitude was apparent in both passive and active runs, eliminating 
phase effects of multiple transmission, or other frequency effects, as possible 
explanations. An explanation was found, however, in the environmental data. 

The measurement of the thermal structure of the upper 500 feet of the ocean, 
taken from the surface ship in the general locale of the submarine exercise, 
revealed a large scale fluctuation in the depth of the surface sound channel with 
range (Section 11). The cause of this fluctuation is explained by the over all 'dew 
of the surface temperature distribution obtained by aircraft infrared thei'mometer 
runs. 


The ray trace program was recently expanded to include a model of internal waves 
(Section m). With the proper interpretation, this model was used to simulate the 
measured variations in the surface channel depth. This simulation resulted in a 
confirmation of the signal data: that the 5, 000-yard data was taken in a region 
where, because of the particular conditions observed, the variable surface charnel 
would cause considerable fluctuation in the signal with time, while the 10, 000-yard 
data was in a region where, fortuitously for the comparison, the signal strength 
was practically undisturbed by the varying depth of the channel. 

The result is not entirely conclusive. No quantuative comparison is possible from 
the existing data and a good description of the channel depth was not obtained. 
Nonetheless, an otherwise imexplainable observation of signal variability, and an 
observation of such contrast as to be undeniable, is qualitatively explained by the 
observation of large scale fluctuations in the medium. 

r 

Also included (Section IV) are the autocorrelation fimctions of the signal about its 
mean. A time scale of the magnitude of a few minutes is indicated for signal 
coherency and this too can be explained on the basis of the submarines cutting 
through spatially periodic variations in channel depth of a magnitude commensurate 
with what was observed. 

In summary, although a detailed survey of the area was made at the time of the 
lest, it was far from sufficient to provide all of the data necessary for an abso¬ 
lute calibration of the propagation model. It did, however, show that inbomoge- 
nieties did exist in the sound velocity structure and that these were of sufficient 
magnitude to cause variances in the sonar signal received. In addition, it was 
determined that the SUBIC at-sea ray trace was applicable to active as well as 
passive signals in predicting average transmission loss, and that an internal 
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wavp ray trace model programmed on a laboratory computer was able to 
rou^ilj^ predict the variance in both the active and passive signals. 

The D/E angle was monitored for the first time during a SUBIC at-sea test. 
The results indicated that the vertical beamwidth is too wide tc accurately 
track a target in the surface channel, thus severely handicappii^ passive 
ra ngin g based upon the D/E an^e. However, there are indications that a 
new method of passive ranging based upon the variance in S/N may be 
developed. 
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OPERATION AREA ENVIRONMENTAL DATA 


The main piirpose of the presence of the R/V SEA SERPEIvT and the aircraft 
during the PERillT - BI-UEGILL tests was to sample the environment in such a 
wa 3 ’ that the variabilin* in S/N and transmission loss as measured b 3 ’ the sub¬ 
marines could be correlated with fluctuations in the oceanographic parameters. 

In this wa 3 % data would be provided for improvement in environmental models 
used as input to the ray trace program. Althou^ the environmental data collec¬ 
tion results v/ere limited, the path for future investigation was indicated. 

The surface ship and aircraft sampling programs were designed to provide maxi¬ 
mum possible background data on the local oceanographic conditions and to provide 
detailed data on the variabilit 3 ' in the acoustic field during the subniarine tests. 

The surface ship program consisted of tests to determine spaUal, temporal aal 
directional characteristics of temperature and sound velocity changes in the test 
area. In general terms, the surface ship program during the tests was to 
sample continuall 3 ' on a square tr^ck, the dimensions of which corresponded to 
l 3 TJical transmission ranges. Each 1^ of the box was made up of thermistor 
chain tows, whereas the vertices of the box were stationary thermistor chain 
recordings and sound velocity profiles. The instrument suite consisted of a 
thermistor chain, velocimeter and baih 3 lhermograph. The aircraft program 
consisted of gathering data on the gross water mass distribution by using a 
Barnes rr-2S infrared thermometer to record the distribution and fluctuations 
in sea surface isotherms. These flights were to take place over the three-day 
period of the submarine tests and were to cover a 30- b 3 ' 60-mile area. 

The general oceanography of the region has been well established. Water of 
subarctic origin moves south down the coast of California, becoming modified by 
atmospheric conditions and entrainment of nearshore coastal water. This south¬ 
bound current, the California Current, is an extension of the Aleutian Current 
and extends fro' i about 4S°N to 23°N where it converges with equatorial water. 
During the winter, from November through January, a coimtercurrent or eddy is 
well developed inshore of the California Current. This circulation tends to carry 
relatively warm saline water northward and has been named the Davidson Current. 
Beneath the southbound, meandering California Current is a northbound current of 
equatorial origin. 


ft was expected that January tracklines rumiing west from the coast at 34 ”n would 
pass from the region dominated by norlhboimd water into the southbound water 
where acoustic conditions were good. Additionally, the track would pass through 
a frontal region which might be ill-defined by siv-w-m ^'/ing meanders and eddies 
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in the circulation. This mixing r^on could be delineated by a plot of the sea 
surface isotherms. The movement of these disturbances could be tracked by 
successive sampling of the surface isotherms. These were the factors that 
augured for the use of aerial sea surface temperature survey techniques. 

Since it was kno\vn that equatorial water was both inshore of and beneath the 
California Cmnrent, the boundary between the two water masses must leave the 
surface and increase in depth as one headed west from the coast. This implies 
a general negative slope or increase in depth in the mixing layer as one pro¬ 
ceeds jdt into the southboimd water. In addition to the perturbations in the 
acoustic field introduced by the vertical structure of the meanders and eddies 
in the circulation, temporal and spatial changes were expected from other 
causes. In the subsurface boundary region between the north and southbound 
water masses, internal waves (Helmholtz) can exist. AisOj internal waves 
propagating onshore from distant generating areas can be ejqiected. More 
important, due to the proximity of the test area to the continental slope, in¬ 
ternal waves generated by tidal forces ever the slope can be expected. It is 
interesting to consider that the propagation directions of some of these waves 
would be normal to each other, implying a spiked field analogous to crossing 
seas. 

One of the functions of the surface ship was to delineate the test area. The 
requirement was to find an acoustically •'eliable area for the experiment that 
the submarines could reach and return from, as well as complete the tests, 
within the allotted time. Additionally, the area was to be within surface ship 
range. In general terms, it was a problem of determining the location of the 
intersection of four sets of conditions: operating conditions on two submarines 
and one surface ship, and sonar conditions in the environment. Bathythermo¬ 
graphs on file at the National Oceanographic Data Center were reviewed and it 
was concluded that the area approximately 100 miles due west of Point Arguello 
was optimal to search for tht exact test site. It had been planned to locate the 
exact test site, radio in the coordinates, proceed with equipment checkout, and 
then initiate the intensive environmental survey. B.T. ’s # 103 through # 112 
are the results of the test site location program (see Figure 2-1). 

B.T. # 103 is located southeast of Rodriguez Dome in 750 fathoms of water. 
When compared ,vith the rest of the run, and especially B.T. # 104 on the 
other side of Rodriguez Dome, it may be indicative of upwelling caused by 
strong (NNE, 22 kts) offshore winds. 




B.T.’s # 104 through # 108 show a surface layer 150 to 200 feet thick and at 
least 1®F warmer than the layer to the east (B. T. # 103) or to the west 
(B, T. # 110 through 112). This may be indicative of a warm tongue of north¬ 
bound equatorial water (Figure 2-2). 

B. T. #109 shows a slightly negative gradient in the surface layer. This is 
indicative of a frontal or transition region, and, when compared to B.T.’s 
# 104 through # 108 and # 110 through # 112, can be construed to be in the 
transition region between northbound and southbound water. (See infrared 
thermometer survey discussion for further analysis of this region.) 

B. T. ’s # 110 through # 112 show a surface layer of colder water 190 to 230 feet 
thick. It was assumed that the southbound water mass exhibiting good sonar 
characteristics had been reached, and test site coordinates were radioed in to 
San Diego at the completion of B.T. # 112. 








A plot of layer depth, as read from B.T. # 104 through # 112, versus distance, 
measured from the location of B.T. # 104 (Figure 2-3), can be fitted with the 
following linear regression line: 

z = 159 + 0. 82 X 

where: z = layer depth in feet 

X = distance in nautical miles from 34° Ol'N, 

121° 08’W (location of B. T. # 104) in a 
westerly direction 

This indicates a general increase in layer depth proceeding west from the con¬ 
tinental shelf break. Superimposed on the sloping lineai- regression line, 
representing the mean layer depth, is an apparent trigonometric variation of 
layer depth. This variation appears to be a cosine wave with a slight phase shift, 
as zero phase would be .a fev/ miles east of the location of B.T. # 104. The height 
of this wave is 50 feet and its length 36 miles (58 km). More detailed analysis of 
this waveform indicates that it does not represent internal waves, but rather is 
a result of the water mass circulation and upwelling due to wind. Specifically, 
the rise in the mixed layer toward an apparent crest when approaching the 
location of B.T. # 104 from the west appears to be due to northerly winds and 
the concomitant wind drift upwelling. Additionally, the rise in the mixed layer 
towards a crest in the vicirdty of B.T. #108 appears due to sampling in the 
transition zone or front between the warmer and cooler water referred to before. 
So it may be said that the waveform of the mixed layer depth versus distance plot 
is an apparent wave and has little to do with internal waves. 

In Figure 2-3, it appears that the thermocline can be adequately described 
by the bundle of isotherms contained within the 53° to 55°F range, so that 
the 55°F isotherm was assumed to be representative. It is of interest to note 
that Emery and Summers^ chose the 55°F isotherm as the thermocline indicator 
in their work of March and August 1961. They noted variations of up to 90 feet 
in isotherm depth. The plot of 55°F isotherm depth versus distance can be 
fitted with the following linear regression line (Figure 2-3): 

z = 242 - 0.49 X 

where: z = 55°F isotherm depth in feet (thermocline) 

X = distance in nautical miles from 34° Ol’N, 

121° 08’'V is a westerly direction 

This indicates a gradual decrease in the depth of the thermocline as opposed to 
t.he increase in the depth of the mixed layer over this same interval. Superim¬ 
posed on this sloping linear regression line, representing the mean depth of the 
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Figure 2-2a B.T.’s #104 through #108 
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thermocline, is a different apparent periodic vrjnation of the thermocline depth. 
This variation appears to be a phase-shifted cosine wave or possibly a sum of 
cosine waves. The wave height is of same order as the apparent mixed 
layer wave height, namely about ...wOC. 

The wavelength is deemed to be spurious in any application to internal waves as 
it is probably forced by the sampling interval in the B.T. run. The variations 
in depth of this isotherm are, however, taken to be real. It should be noted that 
only B.T. #104 and #108 cause the discrepancy between apparent wavelengths 
of the mixed layer and thermocline. 


DEPTH (FT.) 



••• - 

DISTANCE FROM I2l*0tf, M’Ol' IN WESTERLY DIRECTION (N.M.) 


Figure 2-3 Thermal Structure 


The 48°F isotherm depth has been plotted in Figure 2-3 and can be compared to 
tye yu'^F isotherm. The following linear regression line describes the mean 
depth of the 48®F isotherm: 

z = 886 + 2. 8x 

where: z = 48°F isotherm depth in feet 

X = distance in nautical miles from 34° Ol’N, 

121° 08’W (B.T. # 104) in a westerly direction 

Tliis indicates a decrease in the mean depth of the isotherm proceeding v/est in 
the sampling area. It is noted also that this slope is five times as great as the 
55°F isotherm (2. 8 vs. 0.49). As was mentioned previously, the general 
circulation has been well studied in this area. Northbound water of equatorial 
origin has been determined to flow beneath the generall 3 / southbound California 
Current. If the assumptions are made that the slope of the isotherms at this 
depth are indicative of the slope of the isopycnals and the fields of mass and 
pressure are in mutual adjustment, then the isobars tend to slope down from 
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east to west resulting in a northbound current at these depths. Although this 
conclusion is based on speculation, it does agree with what has been measured. 

Unfortunately, the lack of data on the slope of the isohalines precludes a 
stronger analysis. Under the assumptions, however, the increased slope of 
the isotherms with depth is expected. This ^ain points up the need for data 
and knowledge of the oceanography of a region so as to be able to predict, 
albeit in gross terms, the structure of the acoustic field. 

Four hourly B.T.’s (# 114 through # 118) were taken ou January 19, 1966 at 
33°53’N, 121‘’02’W (Figure 2-4). The total excursion of the mixed layer depth 
was 60 feet, from 140 feet to 200 feet in depth. The mixed layer temperature 
increased by 0.5^F during this time. B.T. # 118 shows a slight inversion in 
the surface layer, which may be due to radiative cooling. The 55.5®F isotherm 
increased in depth from 180 feet to 232 feet, or a 52-foot excursion. The warm¬ 
ing of the surface layer in this manner, during the time 16: 55 to 20:10, indi¬ 
cates an intrusion of warmer water with its leading edge at the surface. Rather 
than due to internal waves alone, it appears that a meander in the circulation 
passed into the test area or, possibly, the incursion was due to the tidal advection 
of warmer, inshore water. 

Although the bathythermograph run was completed two days before the first 
infrared radiation thermometer (IRT) flight and four days before the flight on 
which good data was taken, the B.T. ’s tie in with the IRT data and the sound 
velocity profiles (SVP) taken by PERMIT. The picture that unfolds when in¬ 
terpreting the data, as limited as it is, from these three sources reveals a 
complexity in the environment that implies the necessity of refined environmental 
sampling in any acoustic experiment. 

Three IRT runs were scheduled, one of which was to be at night to document the 
day-night effect. The sampling track was set up such that the longer sampling 
legs were normal (northeast-southwest) to the coastline with shorter intercon¬ 
necting legs running parallel (northwest-southeast) to the coast. The sampling 
pattern was designed this way on the assumption that the general orientation of 
the sea surface isotherms would be parallel to the coast, with colder water off¬ 
shore. This assumption was based on the known circulation of the California- 
Davidson Currents system and verified by researchers on the West Coast. 

As can be seen from Figure 2-5, ,Iie isotherm pattern existing at the time of the 
tests was far more complicated. Figure 2-5 shows a pincerlike formation of 
cold water in the top (nortliwest) section of the 30- by 60-milo wide survey area 
and warmer water in the bottom (southeast) section. This anomalous situation 
was noted by the Tiburon Marine Laboratory (BCF) and a week earlier by the 
Fisheries Research Board (Canada) personnel. As was mentioned previously, 















Figure 2-5 Isotherm Field At the Time of Test 


the isotherms were expected to be running generally northwest to southeast, 
but, as is evident from this plot, they are generally running northeast- 
southwest. This indicates a renewed flux of cold water from the north or a 
meander in the circulation. This plot was one of three based on a good trace, 
or one in which the noise level was low. Some information is available from 
the previous runs and can be tied into this plot to indicate a time history of 
the circulation pattern over these three days (Figure 2-6). 









Tho IRT run on January 19, 1966 from 1401 to 1557 hours shows a general east- 
west orientation to the isotherms, slightly concave northwards, showing a gradual 
influx of cold water from the north into the survey area. There is also indication 
of warmer water pushing southwest on the east side of the survey area. 

The IRT run on January 20, 1966 from 0509 to 0656 hours shows a gradual 
destruction of the east-west orientation of the isotherms, especially on the 
north side of the survey area. The influx of colder water from the north is 
becoming more apparent as the concavity of the isotherms to the north is 
increasing. On the west side of the survey area another influx, or pincer, of 
colder water is apparent. On the east side, the intrusion of warmer water to 
the northeast has abated, as the temperatures in this tongue have dropped some¬ 
what. It may be that this was not warm water pushing northeast’ and cooler 
water pushing southwest, but only the latter. This inference seems strengthened 
by the general temperature decrease in the southeast part of the survey area and 
the increase in the temperature gradient in this region coupled with the decrease 
in the gradient in the northeast part of the area. 

The first two runs, although composed of noisy data, do show a flow of cold 
water from the north and pincers of cold water coming in from the sides of the 
survey area. It is interesting to note the change in location of the most 
southerly part of the 12°C isotherm. In the thirteen hours from run one to two, 
it had moved ten miles or at an averse velocity of 0. 75 knots. 

The third IRT run, on January 21, 1966 (#3) from 1022 to 1213 hours, shows the 
complete destruction of the previous orientation of the isotherms on the northern 
side of the area. It appears that the influx of cold water on the northern side 
has abated while the pincer movement of colder v/ater from the sides has 
intensified. The southern side of the area has regained the east-west orienta¬ 
tion of isotherms. 

The net effect of what has happened over the three-day period is that cold 
water has moved in from the north and, in a pincer-like movement, detached 
a portion of the warmer water. 

In attempting to integrate the IRT and B.T. data, it should be noted that B.T. 

# 112 was taken on January 17 at 2345 while the first IRT run was on January 19 
at 1500. As a result, one must assume that the general structure of the sea 
surface isotherms in evidence on the first IRT run was existent during the B.T. 
run. On this assumption, it then appears that although the B.T. run did pass 
from warmer water to colder, the end of the run was through an eddy or 
meander rather than a well-defined water mass boundary oriented northwest 
to southeast. Since the vertical stratification varies when sampling through a 
warm intrusion or a cold pincer formation, as noted, isotherms will also vary 
in depth during the sampling run. This variation in isotherms’ depth is a 
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result of the stratification associated with meanders as well as internal waves 
present in the area (Figures 2-7 and 2-8). 

Experience gained during this exercise indicates that future IRT sampling pro¬ 
grams should be of two distinct types. The first type of IRT sampling program 
should be on a large scale, both before and after the tests. This t 5 ^e of 
sampling would yield information on the gross changes in the environment 
during the tests. The second type should be on the scale of the tests and the 
flight tracks should be closely spaced. This type of sampling would yield data 
on the fine structure of the test area and would be integrated with thermistor 
and/or bathythermograph data. 

The sovmd velocity profiles (Figure 2-9), seven in number, taken by the PERMIT 
have been adjusted to accoimt for separation of approximately 30 feet between 
the pressure transducer and the velocimeter. The range of mixed layer depth 
varies from 100 feet (SVP # 5) to 240 feet (SVP #7), and the mean depth is 
194 feet. This compares well with a mean layer depth of 190 feet from the 
bathythermograph data., SVP’s #2 and 3 were about two nautical miles apart 
in space and two hours apart in time. The surface layer soimd velocity value 
did not change but the layer depth increased by 20 feet, from 180 to 200 feet. 

Of more interest is a comparison of SVP’s #5 and #6, taken some 18 hours 
after #2 and #3, and about 20 miles away. SVP’s #5 and #6 (Figure 2-10) are 
about two miles apart in space and one hour in time. The mixed layer depth 
increased from 100 feet to 210 feet, an excursion of 110 feet, during this 
sampling interval. The surface layer velocity did not change nor did the 
velocity at 470 feet. In addition, there is a slight positive velocity gradient 
or bump in both profiles at about 420 feet. Therefore, it is concluded that 
the measurement is real and not due to instrumental error. 

The maximum change in velocity occurred at a depth of 210 feet and was 25 feet 
per second. Assuming a constant salinity, the temperature must have changed 
by 4°F at that depth during the sampling interval to bring about this velocity 
change. This temperature change at constant depth is the greatest measured, 
although the change at 240 feet from B.T. # 109 to # 110 was 3°F. An 
evaluation of horizontal temperature gradients between the SVP’s and B.T. ’s 
cannot be made because of the differing sampling intervals. The third IRT 
run over the area was completed about five hours after SVP’s #5 and #6 were 
taken. The cold tongue, or pincer, on the northwest side of the survey area, 
as noted previously, extended through the area of SVP’s #5 and #6. If the 
variation in layer depth was not caused by internal waves, it may well be that 
the sampling interval extended over the leading edge, or a cold wedge, of the 
intrusion. If, on the other hand, the sampling interval extended through a 
meander from an upwelling to a sinking region, the mixed layer would exhibit 
this change also. 
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Figure 2-9 SVP's From USS PERMIT 
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III 

KFFECTS OF ENVIRONMENT ON ACOUSTIC TRANSMISSION 


The purpose of the submarine tests involving the USS PERMIT and the USS 
BLUEGILL was to measure various transmission parameters, in particular 
signal-to-noise ratio (S/N). At the time of the experiment, a surface channel 
existed whose depth was approximately 200 feet, as determined from SVP’s 
taken during the test, although this varied from a maximum of 240 feet to a 
minimum of 140 feet. Data was taken with the BQS-6 sonar in both active and 
passive modes. The results were compared to predictions made by a ray trace 
program and good agreement was obtained. 

SINGLE-FREQUENCY MEASUREMENTS (ACTIVE SONAR) 

Recordings of one-way transmission of active sonar signals from the USS 
PERMIT, as received on the USS BLUEGILL, were made with both ships 
moving at constant speed, on parallel courses, and at ranges of 5400 and 
10, 000 yards (Figure 3-1). Both ships were in the surface channel with the 
PERMIT at a depth of 165 feet and the BLUEGILL snorkeling at a depth of 



Figure 3-1 Track Chart for Run 2 
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TABLE 3-1 

SUMIVIARY OF TEST CONDITIONS 


Run # 

Leg# 

N jminal Range (yds) 

Actual Range (yds)^ 

Depth' 

n-1 

1 

5K 

4680E 

ATF 

165 


2 

lOK 

9500 

ATF 

165 

5 

3 

2 OK 

23500E 

- 

165 

knots 

4 

40K 

41000 

- 

165 


5 

60K 

56350 

ATF 

165 

n-2 

1 

5K 

543 OE 

ATF 

165 


2 (Note course 
change during 
passive run) 

lOK 

10350 

ATF 

165 

5 

3 

2 OK 

21300 

- 

180 

knots 

4 

4 OK 

40000 

ATF 

150 


5 

60K 

60000 

- 

150 

n-3 

1 

5K 

5000 

ATF 

150 


2 

lOK 

9900 

ATF 

150 

8 

3 

2 OK 

20000 

ATF 

150 

knots 

4 

4 OK 

40000 

ATF 

120 


5 

60K 

59500 

- 

120 


Where range is followed by B or E , sonar range at beginning or end of run is 
indicated. Otherwise, range is estimated. 

2 

Depth refers to tracking ship keel depth. Center of BQS-6 sphere is approximately 
15 feet less. Target keel depth equals approximately .55 to 60 feet for all runs. 


60 feet. The sonar signals consisted of 150 msec pulses at a frequency of 
3.5 KHz. Operating conditions are specified in Table 3-1. 

Test instrumentation located on board the BLUEGILL consisted of a two- 
channel Arapex A. M, (direct) tape recorder. One channel was used to record 
the signal received by a single hydrophone of the BLUEGILL's sonar array; 
the other channel was used as a voice channel. 
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Test instrumentation on board the PERMIT (source ship) consisted of a 14- 
channel Precision Instrument F. M. tape recorder. Three of the channels 
were used to monitor a single MASSA hydrophone located on the sail 50 feet 
from the center of the BQS-6 sphere. The three channels recorded the same 
signal at three different amplifications in order to extend the dynamic range 
of the recording system. A fourth chaimel was used as a voice channel and 
the other ten were used to record signals unrelated to this experiment. 
Approximately 6-1/2 minutes of data were collected at each range. 

Upon return to the laboratory, the signals recorded on both ships were played 
back, using the same machines on which they were recorded, and processed 
using a TR-48 analog computer. A block diagram of the computer program is 
shown in Figure 3-2. As indicated in Figure 3-2, the signals were processed 
to obtain the power envelope, the sum of the areas of all power envelopes, and 
the sum of the areas of the log of each power envelope. Each of these quantities 
was recorded on a Sanborn strip chart recorder. The peak amplitudes of the 
power envelope and log of the power envelope of each ping, i. e., instantaneous 
peak power, received on the BLUEGILL were read from the strip chart and 
used to calculate the mean and variance of the received signal (Figure 3-3). 

A similar calculation was made for the pings received by the MASSA hydro¬ 
phone located on the PERMIT. This gave a measure of the variance of the 
transmitted signal. In addition to calculating the mean instantaneous peak 
power of the signals received on the BLUEGILL, the mean power of each ping 
was calculated by dividing the sum of power contained in all pings by the number 
of pings times the length of each ping. This was done for both the actual power 
and the log of the power in order to convert the power to dbv. 

The analysis of vhe signals as received on the BLUEGILL is summarized in 
Figure 3-4. 

The variance at 5400 yards is four times greater than that at 10, 000 yards, 
while at the same time the mean power is 2 dbv less, or about 63 % of the mean 
power at 10, 000 yards. A similar analysis of the signals received by the 
MASSA hydrophone located on the PERMIT indicated that the signal level was 
constant to within +0. 05 dbv of the mean value for all pings (both 5400- and 
10, 000-yard ranges). Since the transmitted signal was constant, it is 
apparent that the variation in the received signal was introduced by the 
environment. (A direct comparison of the power received on the BLUEGILL 
and the power transmitted by the PERMIT is not possible because of the 
different recording techniques and hydrophones used.) 

WIDEBAND MEASUREMENTS (PASSIVE SONAR) 

The test geometry for the wideband measurements was identical with that used 
for the single-frequency meaourements. The two ships were moving on pai-aliel 
courses at constant speed (five knots) at each of the two ranges. The wideband 
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noise source was simply a snorkeling submarine (BLUEGILL) and the receiver 
consisted of the passive section of the BQS-6 sonar aboard the PERMIT. Tne 
received signal was filtered for the 1-2 KHz band. 

Instrumentation for the wideband measurements was located entirely on board 
the PERMIT. It consisted of two TR-10 analog computers and the SUBIC At-Sea 
DDP-24 digital computer and associated peripheral equipment. The analog 
computers were used to obtain the signal-to-noise ratio because a recording 
of the received signal alone would be difficult to obtain due to masking by the 
ambient noise field. 

The analog computers accepted signals from the right half and left half of the 
BDI loop of the BQS-6 sonar set, processed them, and fed them to the digital 
computer where the analog-processed signjds were further processed to obtain 
signal-to-noise ratio. The digital computer also accepted information from the 
ship’s sensors, such as target bearing, coimse, and speed (Figure 3-5). All of 
this information was averaged for about 2.5 seconds, and the average value of 
each quantity during this time was pmiched on paper tape. Approximately 20 
minutes of data were taken at each range. 

Upon return to the laboratory, the data tapes were printed in hard copy by the 
computer’s typewriter. In addition, the mean, variance, autocorrelation 
functions for different lag times, and power spectrum of each of the recorded 
quantities was computed by the DDP-24 (see Section IV). A summary of the 
mean and variance of the signai-to-noise data is given in Figure 3-4. 

At each range during the wideband noise measurements the BLUEGILL (noise 
source) was moving at constant speed, depth, and course and maintained the 
same position in relation to the PERMIT. During this portion of the experiment 
the BQS-6 sonar was in ATF mode. The PERMIT was also moving at constant 
course, speed and depth. Therefore, it may be reasonably assumed that the 
self-noise of each of the submarines, and the directivity index of the BLUEGILL 
relative to the PERMIT, remained constant during the experiment and that all 
variations in the signal (and, hence, signal-to-noise) were introduced by the 
environment. 


COMPARISON OF WIDEBAND AND SINGLE-FREQUENCY MEASUREMENTS 
WITH RAY TRACE PREDICTIONS 

Description of Operational Ray Trace Program Through Internal Wave Fields 


The ray trace program used for propagation loss computations can consider a 
particular class of soimd velocity -profiles which vary with range as well as 
depth. The class of variations includes a model of the perturbations to the 
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Figure 3-2 TR-48 Computer Program for S/N 
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Figure 3-3 Time Series Record of Pings Received at BLUEGILL 


5.4 K YARDS 


to K YARDS 


VARIANCE 

MEAN 

VARiANCE 

MEAN 


ACTIVE 
6.22 (db)^ 
5.91 db 

1.44 (db)2 
7.84 db 


PASSIVE 
6.62 (db)^ 
-4.47 db 

-5.85 (db)2 
-5.47 db 


Figure 3-4 Comparison of Active and Passive One-Way Transmission Loss Data 
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Figure 3-5 PERMIT Installation Block Diagram 
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profile normally associated with the presence of internal waves in the thermo- 
cline. The usual ray tracing program traces a ray through layers of constant 
sound velocity gradient. As a layer is defined by parallel lines, the velocity 
profile is implied to be stj.tionary over the range of interest. This is a con¬ 
venient oversimplification and one which, in the region of a thermocline 
particularly, is often incorrect. The existence of an internal wave field in the 
region of the thermocline, a phenomenon which has been repeatedly documented 
directly by thermistcr chain measurements and indirectly suggested by acoustic 
measurements, disturbs the layei representation. The extension to ray trace 
being discussed purports to model this range dependent disturbance after the layer 
model. 


Operationally, we will define the thermocline as a region of relatively sharply 
decreasing temperature. In many areas of interest in the ocean this occurs 
once or twice within a fnuusand or so feet of the surface; termed the permanent 
and the seasonal thermocline, these regions are capable of sustaining complex 
(water) wave motions called internal waves. As a result of this internal dis¬ 
turbance, a systematic change in sound velocity with range is set up which is, 
however, strongly confined to the strata defined by the thermoclines. 

A simplified model of this variation was suggested by Lee^» ^ when he considered 
the stratum of a thermocline to be a sinusoidally bounded region of constant sound 
velocity gradient (Figure 3-6). We ha\e adopted this technique with the exception 
that the program can easily be extended to consider a sum of sinusoids to repre¬ 
sent the boundaries, that is, a finite Fouciur representation can be made of any 
periodic boundary. The final model will then consist of N “layers, ” each with 
its own velocity gradient. N-3 of these are layers in the full sense of the word. 
The two layers bounding the thermocline have only one boundary parallel to the ' 
surface and the last, the thermocline, has prescribed periodic boundaries. 

By necessity, given the N gradients and one boundary of the thermocline, the 
second boundary is not arbitrary. Instead, it is calculated by fulfilling the 
condition ihctt tit depth belcw the thermocline, the medium, and therefore 
the sound velocity profile, is undisturbed. 


To trace through the theri.iodine we have to retiun to the basic eikonal equations, 
as the literature is concern' d almost entirely with layered media. The basis of 
calculations using a single velocity profile at all ranges, the ray constant, is 
no longer valid. On the other hand, the internal wave field in the thermocline is 
quantitatively only responsible for a perturbation on the ray paths and, therefore, 
the trajectory can still be thought of (to a good approximation) as continuous 
circular arcs. The radius of curvature at each point in space, directly derived 
from the eikonal equations, assuming cylindrical symmetry, is: 




Sc 

«r- 

or 
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Figure 3-6 Model of Internal Wave 

where q is the angle the ray mokes to the horizontal at the point (r, z), c is the 
speed of sound at that point, and s is the arc length along the ray to that point. 

By taking finite arc steps and calculating a new curvature at the end of each 
step, a differential approximation to the exact trajectory is achieved. The 
resulting program has been found to yield results numerically equivalent to 
Lee’s study despite the fact that he used a very different approach to trace the 
rays and then an independent method of calculating energy. 

The perturbation to the ray paths can be visualized as follows; the effect of a 
region of negative gradient is to bend rays towards the minimum velocity. The 
rate of bending (curvature) depends on the amplitude of the vector product 
dr -A 

— X V and the amount of bending brings into consideration the total arc length 
CIS 

required to pass through the region. In the case of an undisturbed layer, grad c 

dx 

is always downward and the grazing angle to the layer, —, which is a monotonic 

function over a range of adjacent rays, requires that both the rate and the amount 
of bending will be monotonic over such a range. When the layer is disturned, the 
direction of v c varies so that the local grazing angle and the arc length to pass 
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through the region are no longer a function of — alone, and the range of 

CIS 

incoming rays over which monotonic bending applies is restricted by the scale 
of the disturbance. Over a characteristic wavelength of the disturbance, differ¬ 
ential bending can occur for bundles of adjacent rays. This convergence and 
divergence of ray paths will result in corresponding changes in the sound 
intensity beyond the disturbed layer. 

The ray trace program described above was used in an attempt to predict trans¬ 
mission loss and signal variance at the ranges of interest (5400 and 10, 000 yards). 
The SVP taken immediately prior to the 5400-yard measurement (SVP #4) was 
used as a base, with a sinusoidal perturbation inserted having an amplitude of 
50 feet, based on results of the environmental survey, and a mean depth of 200 
feet. The source was placed at 50 feet, corresponding to the depth of the 
BLUEGILL. Energy was calculated at 100-yard intervals at a depth of 150 feet, 
corresponding to the depth of the PEEMri'. 


Wavelengths (for internal waves) of 3000, 5000, and 9000 yards were chosen 
from the results of the autocorrelation analysis. The average decay time (to 
zero) of the autocorrelation function of S/N is approximately 150 seconds at 
5 knots. When this is translated to distance, a result of 


1 Kn o 5 N. M. 1 hour 2000 yds _ 15000 yards 

^ 1 hour ^ 3600 sec ^ IN. M. 36 


= 420 yards 


is obtained. Recalling that tiie autocorrelation function of a knusoid is another 
sinusoid of the same frequency, it is evident that the time reciuired for such an 
autocorrelation function to decay to zero is equal to one-fourth the period (or 
one-fourth the wavelength). On the basis of the foregoing, the disturbance which 
caused the observed modulation of the S/N ratio and of the active signal must 
have dimensions of approximately 1700 yards. However, the disturbance is not 
a perfect sinusoid and, therefore, it is felt that this dimension simply represents 
the order of magnitude of the disturbance size. 

The sinusoidal internal waves defined by the above parameters were moved past 
the sound source in 30® phase increments, yielding 12 values for energy at each 
range. These 12 values at the ranges of interest were then averaged to obtain 
the mean value of predicted transmission loss at that range, and also were used 
to obtain an estimate of the variance. The values of the mean and variances for 
each wavelength were plotted and may be found in Figures 3-7, 3-8, and 3-9. 
Figure 3-10 presents a summary of the predicted mean and variance of the trans¬ 
mission loss at the ranges of interest. 
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MEAN (db) 68.68 68.94 69.60 75.20 75.20 75. ?0 

VAR, 0.06 2.48 0.09 0 0 0 


MEAN (db) 68.84 68.99 69.32 75.20 75.20 75.60 


VAR. 


1. 06 0. 32 


MEAN (db) 65.67 67.76 68.67 75.20 75.20 75.20 


VAR. 


0. 95 1.17 


Figure 3-10 Predicted mean and variance 
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From Figures 3-7, 3-8, and 3-9, the mean and variance of the transmission loss 
are, in general, independent of the wavelengths of the internal wave chosen. Also, 
in the range 5300 to 5500 yards, there is a moderate variation predicted in the 
signal strength, whereas in the neighborhood of 10, 000 yards, the variation pre¬ 
dicted is zero. Referring to Figure 3-4, this prediction agrees favorably with 
results obtained for both the wideband and sin^e-frequency measurements dis¬ 
cussed in the preceding sections. It is emphasized that both ships were in the 
surface channel, i. e., above the internal waves, and there is still a noticeable 
effect on the signal strength. 

The physical explanation for the higher variance at 5400 yards may perhaps be 
most easily seen by referring to Figure 3-11. This figure shows a simplified 
ray diagram, indicating the positions of the PERMIT at 5400 and 10, 000 yards. 

The calculation was based on the sound velocity profile taken immediately before 
the 5400-yard test, and was done without any internal wave representation being 
included. It may be seen that, at a range of 5400 yards and a depth of 150 +5 feet, 
the PERMIT was at the edge of the ensonified region. By contrast, at a range of 
10, 000 yards and a depth of 150 +5 feet, the PERMIT was in the middle of the 
acoustic field. Under these conditions, a small disturbance to the depth of the 
thermocline would have a major effect on the acoustic energy at the 5400-yard 
range, while it would have a minor (if any) effect on the acoustic energy at 
10 , 000 yards. 



Figure 3-11 Position of PERMIT Relative to Predicted Acovistic Field, 


Run 2, Legs 1 and 2 
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It may be argued that the observed variance might also be due to the influence 
of surface fluctuations, causing the surface-reflected rays to deviate from 
specular reflection from an ideal flat surface. At the time of the test,surface 
conditions observed were 9- to 10-second swells. Therefore, it may be expected 
that this period would show up as a strong component in the S/N power spectrum 
if the surface v/ere affecting the signal in the 1 to 2 ICHz band. An estimation 
of the spectrum, calculated by the DDP-24 computer, does not show any peak 
in the 1 Hz region for either the 5400- or 10, 000-yard ranges. It is therefore 
concluded that the surface fluctuations did not have an important effect in the 
1 to 2 KHz band. 

Referring again to Figure 3-4 for the wideband measurements, the mean value 
of energj'^ at 10, 000 yards dropped to about 63% of the value that it had at 
5400 yards, or a drop of about 2 db. At the same time, the mean value of 
energy at 10, 000 yards for the single-frequency measurements increased by 
about 2 db over the value at 5400 yards. These results, which at first may 
seem contradictory, are not inconsistent with the data. 

If we let; 


i 


) 


I 


= mean value of single-frequency signal at 5400 yards 
= mean value of single-frequency signal at 10000 yards 
Sg = mean value of wideband frequency signal at 5400 yards 
= mean value of wideband frequency signal at 10000 yards 
= noise (broadband) 

N = noise (single frequency) 

C = amplification factor for single-frequency signals 


We may now obtain the following independent equations. 
S3 

- = 4.30 
‘'2 




2.66 


(Sf + N^) = 3. 90C 


( 1 ) 

( 2 ) 

(3) 


(S^+N^) = 3.00c 


(4) 
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It is evident that these are six unknowns (C is a parameter) and only four inde¬ 
pendent equations. In order to obtaip unambimous results, it is necessary to 

know either and S. + N. or — and ~ . This would jdeld six inde- 

3 2 4 2 

pendent expressions from v/hich it would be possible to determine all of the 
unknown quantities. 

The present ray trace program considers the signal as a broadband one, 
treating all frequencies ’vith equal wei^t. Referring to Figure 3-10, it is 
seen that the predicted result is a loss of about 7 db between the 5400-yard 
and the 10, 000-yard ranges. This corresponds, qualitatively, to the experi¬ 
mental observations in the wideband case where there was a loss of about 2 db. 
The difference between the predicted and observed transmission loss for the 
single-frequency measurements may be explained by several different 
phenomena. First, phase interference at 5400 yards, phase reinforcement 
at 10, 000 yards, or a combination of both may account for the discrepancy. 
Second, the assumption of a constant noise field at both ranges may not have 
been correct. This would also possibly accoimt for the discrepancy in the 
magnitude of the predicted and observed transmission loss between the two 
ranges. There are, in addition, many other factors wliich may contribute to 
this difference, some of which may be completely unknown to us. 
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IV 

AUTCX:ORRELATION RESULTS 


INTRODUCTION 

Part of the analysis of the S/N data performed after returning to the laboratory 
consisted of obtaining the autocorrelation of the data about its least-square fit 
line as a function of lag time. This was done using the DDP-24 computer with 
a special data reduction program. This program displays the raw data (S/N, 
bearing, course, speed, or D/E angle) in blocks of up to 100 data points at one 
time. Sections of up to 1000 data points, on consecutive scope displays, may 
then be selected by the li^t pen for statistical analysis. 

The statistical analysis section of the program computes the least-square fit, 
mean, and variance of the selected data. These quantities are then used to 
compute the autocorrelation about either the mean or the least-square fit line, 
which is then displayed on the scope. The values may then be printed by the 
typewriter, the power spectrum of the data may be computed and displayed 
(and printed, if desired), or the computer may be instructed to return to data 
inspection. All of these alternatives are selected by means of the light pen. 
Typical scope displays generated by this program are illustrated in Figures 4-1 
through 4-7, 

The form of the autocorrelation function about its mean suggests that it consists 
of two statistically unrelated components. Thus, for a stationary random function 
of time, f(t), which can be written as 


1 . 


£ 



when 


and 


then 


f(t) = f^ (t) + f^{t) 




T 


«i 




«i. 


<f^> = <ff> + <ff> 
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Here, S/N = iO I=OS20 ^ ® ^ 

aed f^) = S/N- <S/N> 


= 10 I^PgjQ S - 10 I^Q 3? - <ie S - 10 lo^Q 

= 10 (Log^Q S - <l«gjQ S>) - 10 (I^jQ ^>) 

Siqi^se that both the -<n gnal and the noise are razuom, and, &rthe]rn 2 ore^ &at the 
correlation between the two is n^^gible. In this cas^ the “signal*’ is the lioiss 
radiated from the target ship as it a^ipears at the position of the listen!!^ 
ft therefore incicdcs aiy cistoitians introdoced by the envxronmeai. The “hpis^* 
in this case is all ether information recaved ly the sccar system co mir^ from 
the same direction as the target- We can then interpret the aaiocorrelaticji as 
the sum of two iDd^>endect aotucorrel arion^ related to the noise and signal 
terms. Fcr convenience, these two iedepgadent fonctions have been termed 
the hi^- and low-&equency comnmisiis of the antocorrelation, re^>ectively. 

The hi^-hrequsicy ccmponcnl of the anlocorre*ation then is a measnre of the 
variation in the noise, while the low-£reqnen(^ componmt is a measore of the 
variation in thp signal, indoced by its passage tbrox^i the medium. The lag lame 
at which the autocorreialaon crosses the zero aads is the time shitt necessaay for 
the signal and the time-^nJied sigiai to become completely uncorxelaied. 

If ibe signal is thou^ of as a pure sinusoid, its autocorrelation wotdd be zero 
‘.vhen the two components are oat of phase r'/2. Thus, as an appfroodmalion, 
it may be said that the time at which &e autocorrelaSam crosses zero is egaal 
to one-fourth cf the period. If it is assomed that the signal is constant and is 
modulated by its passage throu^ the medium, then the phenomenon causing &e 
modulation has a period of approximaiely 6C0 seconds. If the ship’s speed is 
taVpn into account, then this phenomenon bss a spatial comjponent of approximately 

5 knots X 8030 ft/hour x 1 hour x 600 sec 
1 knot 3600 sec 

= 5000 fe^ = 1700 yards 

Because the sig nal we are dealing with is not a pure sinusoid, it is felt tiiat this 
only gives an indication of the order of magnitude rather than an absolute measure 
of the size of the phenomenon (internal weaves?) causing the modulation. This 
figure w'as used as a basis for the internal wave models described in the previous 
section. 
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BEARING (AFT IN) 

RUN2 LE62 
*0,000 YARDS 
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Figure 4-1 Typical DDP-24 
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Figure 4-4 Tj^ical DDP-24 
Scope Display of D/E Angle 
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The high- and low-frequency components of the total variance, as determined 
by autocorrelation analysis, were foimd to exhibit an interesting effect when 
examined as a function of range (Figure 4-8). It may be seen from the figure 



Figure 4-8 Variance of S/N vs. Range 

that the two components of variance seem to be related throu^ some sort of 
feedback loop. When one of these components decreases, the other decreases, 
and vice versa. This suggests that at least some of the “noise” (high-frequency 
component) is induced by the system itself and that a high signal variance seems 
to amplify the system variance. This effect should be studied in more detail, 
and could lead to an improved sonar capability. 

The complete results of the autocorrelation analysis are given in Appendix B. 
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V 

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 


Although a detailed study of the area was made beforehand by examination of 
records of the Navy and the Hj'drographic Office, it required the presence of 
the oceanographic sensors to delineate the conditions on a rou^ scale. The 
combination of the B.T.’s, SVP’s, and IRT’s determined some of the general 
characteristics of the area. 

This survey, however, was far from sufficient to determine the fine structure of 
the oceanographic conditions in t’’b area in terms of providing all of the data 
necessary for an absolute calibration of the tactical propagation models under 
test. The surve^’ was sufficient to show that the inhomogenieties in the surface 
channel and the overall structure did exist, and that these were of sufficient 
magnitude to cause variances in the signal detected by the sonar system employed. 
These variances, moreover, affected the tactical operation of both the sonar 
system and the submarine. 

The results of the acoustic experiment showed that the SUBIC at-sea ray trace 
was applicable to active signals as well as to passive signals in predicting average 
transmission loss terms. In addition, an internal wave ray trace model, pro¬ 
grammed on a UNIVAC 1107 computer, explained some of the variance in the 
S/N as detected by the submarine sonar system. It is important to emphasize 
that these variances can exist even at ranges as close at 5000 yards and that they 
are highly dependent on both the overall shape of the SVP and on its spatial and 
temporal stability. 

In order to more effectively utilize the existing sonar system, better and more 
frequent, and perhaps continuous, sampling of the environment is essential. 

This will enable accurate predictions of sonar conditions and facilitate passive 
ranging, either by D/E tracking (from deep convergence zone only), shadow zone 
(circle chart) tracking^, or variance tracking (described below). One suggested 
method of sampling the environment is described in the following paragraph. 

When the submarine arrives in its operating area, it should take a sound velocity 
profile fi:om the surface to its full depth capability. upon this SVP, it 

chooses the best listening depth and cruises at this depth, taking continuous sound 
\ elocity measurements. When the velocity changes by a predetermined amoimt 
( A V), then a new SVP would be caken. The AV would be based upon the 
environmental history of the area., the time of year, the depth at which the sub¬ 
marine is operating, and possibly other factors. In this way, the submarine may 
obtain the most up-to-date picture of the environment without interfering with 
normal ship operations. 
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For the first time during a SUBIC at-sea test with the DDP-24 computer system, 
the D/E angle of the sonar system was monitored. Results of this test showed 
that the vertical beamv/idth (13°) of the BQS-6 sonar system was too wide to 
permit automatic D/E tracking for operation in the surface channel. It is sug¬ 
gested, therefore, that future sonar designs have provision for a narrow vertical 
beamwidth for tracking, as well as a wide one for search operations. 

As a result of the PERMIT experiment, it appears that a passive ranging tech¬ 
nique- based upon the variance in the signal-to-noise ratio may be feasible. 

This technique would require an at-sea computer which would be utilized to 
predict the signal variance at different ranges, as described in Section in. 

The observed variance of an incoming signal could be measured at several 
different own-ship depths and compared with the prediction made for these 
depths. Ideally, there would only be one solution which satisfies all the necessary 
conditions. Even if this were not so, however, this process would yield additional 
information which, when combined with circle chart and D/E angle methods, v/ill 
yield a unique range and depth solution. It is suggested that this procedure be 
tested on future at-sea experiments. 
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c*^c^oc'*^oo»c^rjr>»''i!^5S.c«t. j — Titso»^>'' "^ 3 ^ 

CTT •0«* ♦O* •• "tS •TS •'a. ••••••• •TS'tJt.TSTT •TS •T'^TSXiC* • • •TS •*“ ••••••••, 

Ot*i o •-•XS TiTT »« J ts J* O'axsts tra O^STiT^TT'Ti^^TS'T^ »''OT5 5* CiSTT-Otr-T—T'Its - 

c3 »-c»^o^cioe3 0^C€^«5'-o^es c« cargoes •-• — — — ^ — ots » —.s — »o^ss^ 

—rtxt'’tts^ i'iX5Ti>sx5tsxxt3rat3Xttrs*‘sts.ts<s’2‘r'-rsX2r5tstsxs*-3 V-tstataTt —tsts'Vtt!? i■ct'^z 

ltllllll>«lf|lll!ll*lllStllllllllflllllfl< sill II 


•«j<''C.0^0ca»?'^«S*t't3C^s^00f>»2>«Ci*^sA0C'*Car^SSs'^06i'cA 

co<^-5'0 Hvo^ocMC'ci^ ocacatscstt 

•^ors.fi—otsts ca oss ?£ 

• ••••••••••••••••••^•••••^••••••* 

—TJ’TS ^ t«xr ^ — cjk I t? ^ — C<^ Cl^*—C« C#i:^-‘S*-—CVS ^ c« »•• 

.f-afi'•t««xt *=t Til ts ts xiciTi'^TttstT'tsTiraccxsTiraXiists 

€C« tr €4 Ci Ci Ci C4 O «S «C cr C4 ft? c; C9 o.cS«?«? cr 



XT rststs-s'-t? :: v-^TiVsta-^sts 

C;c4K4«?C?£«C?C «€4ftv*'Ci«.tftCO 


ifKjXSO ^ ts CS C3 C3 Ti*'^S9 ts ?S*^ tS O^D tT4? ^f^^OCa^e-'^l'^CCSSrfc*.’' 

^ »r\ X\ s*'K'C'l tSS cv ai*> ^ 4r i?'sStSiSt- Cr»^ '«0 Jir?O ?i ^ 

css« ftattoxi 4iXitsXiXiXits‘xat=TirtxitstS'^€Siirt.tsxi.ts‘»5i -si--«?Ttt3taft*iitrT- riTTritsTi^TiTift^ts 

tCftS ftt C4 fti «0 «4 ft? «4 «? CA ft? ftS C4 «d C.t cs ft? ft? ft?< ft? ft? ft? ft>ft? ft? ft? ft? «?ft?ft? ••ft?c £?ft?ftCft?C?ft?ft?ft? 


*iOO C? -iSlsA O O saj' C^tT^idO ft> Cft S*'t? Ci j -? -•“ U% ^ ?V ?«■ “t S'JT? SS 5^ 

• ••••••••••• cj**********************-*^ »••»»• ••»•-- 


-? ft? ft! «> ft? ft? ft? ft? <0 ft? fci ft? ft? ft? ft? 1 ? « «r «:• ft? <u^ ft? •? «: ft? ft? ft? ft* ft-* 


fsr^-s s 

c; ft? ft.* ft? *a •-■* 


—•TiO ca to tO^aftS OO 

CMAC K»^ ^ aTftfc'ftCOO^ —^r^SO»<%aAe 9^0ftOCft.it? so 00 C* 0«d ftA ftft* ►* 

• ••««««««««««««««««^« •»*? •ftfftJT • • r«. •?? ••••••• ••ts ••••••••• 

C»C»^C»OOC»OCaoOOOOC»OOOCft •C^O • *0 • *00 *0 ftOOOtaOCftO':a •C»C»CftOC»CftSaCftO 
i>.rs.r<«» ?s. fs. f^. rs.?.. f>.?v r«.*js. fs. rs.t%.ps.?^>*ors.?s. c> s^ivcftC'rs.rs. c»SN*C'f**S**5**so rs. **rvrs.f»..?«*es^r«...es-^^ 

rtrtTi xi rt txn'n ririTitatara Tatars to ta — r>-o — — ti^»-?an — *a-— rf.-.^'otosarttorfors a 

ftSc>cO €0ft?ft2ft.5«0«0«0c0«?«?c0c0<?<0ft0t?ft?*-?«?«?«0s0«?«0«?«?«0«?«0«0ft?0«-0ft*'*dft>ftjvft?i?ft?ft? ft?*0«0 ft? ft? •• 


ooftO oc'C'»r>c>40fOK»c»KfcCJCi**»»^ta5a^eo»«30?»r*tetita—ftoo-sco^cocoftf^oc*-*^-—T»«JftoO'*-cisoooo 

is.fs.r>. f>,OCOC»On^^O<OtOC».S’COftOCOftOrs.?>.?>.C*i050J Jico 
• • • .rs^ • • C' - • *0 • - *0 •••••••• •ft>.SO • • • • • •-S» • • • •ft'* ••••••••• 

•?'*»« • f-% ?ft*> ftft* • ><* ?ft* r<* ftT^ s'* »« ft'* ftft* ^ 5ft* »'* ftft* K* ft-"* • ftft* ftft* S'* • »'* r* • ftft* »<* S'* s** sft» *ft* S'* f<* >'* 

09C30 r0?«t^0^ftft*S0e0S5^'*O«0«^'C^Oc0r0»S0t0^0C^9ft*»'*r0S0C0C?C0O9'*Ct^50•'*O -0•'*^»»*Sft»S^S^»» 
csicvci cMJOC'i?jcoc»icftc««o?«dc«c3cvc^ccc*c<'8CftC«cic««occc«c^cecflc«c#toc«e*e?icoci?c-‘OC«rv:ciCi?ftos?4CMCC 

xynxitacita ticitarats citsta'a dtatarsrxtaft?xiTs a n rirsri’f^'rs cj 'Sii sa c€ rs -sevs rs -ttart rsrs 

cO'Oft? t?c?0ftw«?'?c?«-fta?*?««?0«?ft0ft?0<?0«?''-?td«0<0ft?ft0«?«0«?«?*0ft?'*?0«?«0«?«0«5ft0ft?*?ft?«?ft?<0*? 


otoco -ot3iJ.r-tai?‘«o^fi50^cortr**ftf*^cac3co*^c«--r5to^«Ac*^-—w*^r^^rv'rtc* ft^*? ftN.rN.ooocooocs 
1.000 o^*c*^n^>.»^s^ft*.?■^N.fft*ctfCMu^f'*rt’Ss•-c^5'*cotic??^.^ *—0 c>.?co^rk*5ooo^5ra^.3‘«.‘*oo — ci'OC'O?*- 
^s.^^.^s. r«s.rN.coc*c»rt^-ftC»co«ooc*OMsorors.y*.r*. oco r*».cotaeo 'j*u-vrs.c*rs.j5ft*y^j?'Sft*ft'*j'-r»'*-?o»>..C3'c»o 


N> ;ft* K* 5ft\ K* fft* ^ J ^ ftft* S'* ftft* ftft* ftft* |ft* S'* ftft* Jft* fft* ftft* »ft* fft* ftft* •'* ft**^ tft* ftft* S'* S'* S'* S'* fft* fft* S'* S'* S'* S'* K* »** f'*“ft'* s'* •'\ ft'\ S'* s'* S'* 


*araTi*atat5staTita COTSxatoriritaxiTata TtTiTixata*aro>?taTs‘>a*^'rsrs*-*ri*a n*ata t-stot ?* **»-i-aTa’*a^. 

c?;?<?ctOC?f?<?C? ft?<?ft?OC?Oft?ft?iOcOO ft? ftOft?«?«'>ft?ft?<?ft^*ft?Oft5 ft? c?c? !><?«•* 


i/^-^co •at.'>oso*vi*»50ss*?*»Oft^*''«^^*ti?*» c*'^ to^c*rs,c<?**^^fti*«oos***a*-'*^4?^ ;3*i*^«^r*»;j*r>»c*d 5'*ta"?t 
^■^*71 .a*ct c*c*tat?.^i t??j^ ,*r^?^'acsoftf'«^oinss\t>oooo?o ?t«-^ccc>s 


•ooo OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO.tOOOOOJtJrOOOOOOOOO 
t*' t »? «C ft? c? t? c? s? t? ft? i5 ft? '? «? «? ft? «? CO ft? <? ft? St «0 ft? ft? s? ft? cl s? ft? ft? ft: c? o so c? « 1 ? O *■? '-? ft? ft? 5.t i? c? ft? si 
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it "rsncv r^Kk>ACO(A^OO^^>^<MOS3CMO«^«*«<0^0«-*<SaiS S3 ^ 

*5 'scs'si CO rs. rs. o tA >a »^'?a’CMAO’^a tniA irv oo o toK*^^'5rxr>.cv'sacMO ia'O V5.c>>a f^cxta o’Ci 

-* ^ •’:ao •'Ct'a’ss.o’ta. •ts • •’:=t •■jsrx'sx •’es'ss. •’fe'ss'c: • • • • • • • 

• ••••••••«•• • • • • • • « • ^2 *~'£i, "is ••• 

o r-;2>&'5:iCi^n»’«*Ta'^'*sx^'oV5CM’»'t2 O'oto’si^ o'cs. —"iriri>=:.■»•-'tart>n^rs'ta’=i> 313 vstixs o K^’O'ttxs.w »^'s- 
^ JSMS^ C^OOCOC^O^OO»-^^^^C>"^^OOCSCM^O« COesi^^O*^OCO^CSOO*-*-*'-«^SM'^*^'^»-’ 

s vti\3Vt'?3'*3*'!3’»3’?=t'S3^'>sV4'5a‘»’io’W^'taViitt I'Civavava^Tato 1 "xsrs'ctvst.j'O ts'ta’rsvsvsv: ^-'3'so •-•'ti'tov'rt 
II iiiiiiiiiiiiitiiiii tliiiti tiiiiiiiiiiiiiiiiiii 


H'^^.«-<•^O•••'^O^s.OC^C'4•-«^O^s.^«^:C^KVCa•-•C0£0K^tA■Q»^^^^^^•-•^N,O»^J•^^^C3O^>-V5OOC'C•J 

0 trk^OOCSIC4KVK^^COSOS3f>.COC4C<030 COO'^I^CiC'f^^CM^C^tAj-Sf't^C'f^Jl^OtAKVC^VlOCJCI'rS 

5 *0^^ ^ mso rs^o rs,^csoro%co OtAfs.oco«\K‘»«-»so.^^«-*'ss,tooc4 t>.i^ cMC«j<3*rs.r>^^ t 

o ^*<*r*» »''^«»^^3^Ao^*»o^^^tAti^rs►•-•u\^^^ts.^JO■OSor>.•-•t^»o*•■^^^»^oc^co^ 

. 'r.’Ci'ts rorata <-• To’fes’ta'ja^ ^ ^xa OTEsoxaxax^.— csxaxa u’>\-i’S3 w .-»^'ss •-» « x“ xo^avaxs 'Sr^x^ 

; c^ccc^ CO c^ O e£ cd O e£ oxa cc 0 «C 0 X 3 c£‘ta<4 co <0 cococo coco co to vscotoxrx t^ CO CO u*^ CO xa c; </ 
CO to CO to CO CO . CO 


% ^-oiA r-^^ro. Kvif\^ o—<.3* iAc»o*^wr*^xrs oxa cocoi^xaxa*-<»-x2ti%iA’racotfvocox30fvtAot^j^^* 

D cv^co 0X3 0 rs.<oxra^^^>•^s.fN.fs.fs. oxa ooc’^oxac^H'i^^tA eao K^^xa*^'>a^coc^c^^i^u'iArs,c>irs.tA^’Ciojr«J. 

ros-rs. ^^rN.^^s.^N.^^r^^s.Is.rN.f^r^*^s.^^^s.fN.^s.r^r.^^^rN.^N.^^.t^^^tN.^s.^s.^ls*l>.^N.^v^^r^.^s.f^^s,^^^N.^.,^s.pN. 

: cococo CO c; CO <0 co CO to CO CO to CO to to to co to o to to to co co to to co to co to co <0 co to co c: co co. co co co to co co to c<‘ 


0 ?s.r>.ocDrs.»^Of>.coc»coi>«or*«.taof^xaf^*——^c*«CNcccc>j30Xxo'-»'^f^o»^'^X3Xar^csit^»-»>^'aMCjC'»-c^ 

S 'VSVO'I OICMr*8<'JCtCCSMCMC>CO<><C'iC^C»<0«J<MC^^'Xa8^CCVS^K^?'^SC'«^f^C^f^»^C4 0SCMCNfN^tSC'a:c'»^t''Xa»^S^K'C^»^r<'* 


• CM 


• K' 


► 


X V03\'x nxnxaxa 'axaxn’r; xa Nv'axatx'axixxa xa *x rxxnxa vaxa>7s*“4 vtxa rc^rs xa *••> xx r^ xrs;*axr**- 3 x- 

sx^'o' - —•a^ar-.rixsxarx'rs.^xaxaoxsxrxxa.^ -s^xa*a*»*axcx~^>a ^•^arx-xxx.^a ^ v> ^x-v To>-srj — rt '• 

? 'OtO*: CO CO C.5 «0 CO CO CO <0 *0 <0 <0 cO CO <0 <0 <0 fcO CO <0 <0 CO to <0 CO CO CO « <0 to to CO CO CO <0 CO CO <0 to CO CO cr CO CO C5 CO fO »' 


«. •30f>' fSiCMOfc^^WXCM^rCMXa'^XSX O'a ^s.c 0 ^c^«y^C'<T^»c' 0 «)«>CMl/'CMH^OCO^•lAC^‘^a^c^Xaf>.^•-^U>U^C>K^lAlD^C'C> 
3 C''*3'Xl Xa^*.OO^CM^<^^^^lA^/^tA^C^^^^^K'^A«^OOOO^s,^^••40U^•tf*»ACM•^CMU^<MCM.T^s^«.rs►^O^s►^•^^tOta 

• • • « •xaxs.xa ••«••••««• •k^ ••••••« «rNtA *<0* ♦•••••• *<10 • * 

3 S0C1O S' • • • o O o O O O cx O O O ox *0 • C* O 0> C* O 0 OOX ♦ • cx ♦ CX cx ox *0 ♦ cx O Cx CX CX CX OX CX * <Tt ir* 
M f^.oocxf^^v^«.^>.^Sifs.^,^*.^s.r>.^«.cx^^cxt^^*«►^».^«.^s.^v f>*r^ cxo^^Cx^^►^%^^c^rs.O^*•^•^•^^^•^^^>‘^^c^»^>.^«. 

s'3*3X?s*a*^ ^ ^xaxaxaxax^xaxaxa tsta'a •^xa cxxaxaaxxaxa »-• r-»'a.^Tr3X:xx3»-<xa'^vx*a x^rs-sarx rasa »-*sr. xi 

3 catoco co(ococo<oco<o(o<o<ocococotoco<ococo«ococococococotoco<o«rx<ocococococococotococococo<ocovxcoco 


5 ^xa*'a 

“X >XCM<M 


3 coro^ 

1 CMCMCM 

» -n'nvs 
7 totoco 


X3'^xa'^oo»o'CMiAootdocxcx<M^xat^»- r^cAcoJ'Xsaco 'Txrao'xarvxa, cxva-cxxa oxcocm i/xi/xracxrs.cMco 

WCM<MCM•-*'-‘C'CXCO^s^s^•*^«,vD^^CXOX^>•^...^s.OO^OOO‘^*^c^rN.^s*CMSa^^CXOO^CXCOO«Xl.'^tOU^m» 0 ^»»l^ 

• ••••ra«««««««r^***so •r>.oo •••••••••to • 

^ ^ ^ ^ ^ *f/tK»fOrrtrOf<'K> •»<NK' •KX •h> • •K^KXfC'K'KXKXtOKxK' •fC' 

COCOOOCOC0.5‘nOCOCOCOCOCOOO.*cxC3COOOfC\ooc003COK*COCOK'COKxcO*“*rC'COJ'COr<xrAco<CCOCOCOCOCOCOCOrcxc3 
CMCMCMCMC«I'*OCMCMCMCMCMCM<M‘^CMCMCMCOCMCMC*>.CMCOCMCMCOCMCOCMC3v'XCMCOCVCOCOCMCMCMCMCMCMCMCMC»OOCM 

3nxA*taXTx X3 CM XTsxixxa'5axaxas?i CM xaxxTa CMxaxsiscascs cMX?x*tacM'3 CM'a CM CM -acMsacM CMXaxaxom'xxxavxsax^CM a 

t0c0<0c0<0t0coc0c>3<0c0<0<0<0<0c0<0c0c0coc0v3c0<0(0c0t0c0(0cvxt0<0t0(0coc0c0t0t0c0<0c0t0c0<0(0c3 


* HMOtc' 
) •-•ra‘‘xi 
' JCXCMCM 


»C> CM CM CM J- S3 UX 

xaxnxaxao cm ^ 

CM CM CM CM •-* sa O 


K%cor-«-4 r-«#-»ra«-*«-4Cxx3cxcoo»-»xi. r««* m-cx •-• ra cx .3xr> co ra 
CMiA';arN.r>»rsr>.oxcM.-'f^f^»-*i^tO«^.:t'XarN.oxKN^r>»Kxxrtco 
cxcoco^sr>^^N^s^scxcxco^».^s\ooo.oot/xlA^s.^stor>'sar3 


-•xa 
xa rs, 
cx IN. 


rir^.-^^eoc?»«-*4}'r-<cM’Qcr 
J’OXc 0 CMlAl/Xi- 4 O>rs, CsSOO ^ • 
COCXCOtOliXtAOlAUXvDtOO 




5 '’a‘3<0 ‘ 
3 CO CO 


>'3rr<oxs>axa 
CO (O to <0 CO 


I Jt ao^, 
-ocrxcM 
» CO r^co 


to "O *0 so CM -O" 
rv. CX CM CX CM rex 
30 fN. ^s -0 IN. to lA 


to ra to to CO cosaxaraxJi’ranrasa.ra'a.xaxaxu'ax^ corxxaica to 
CO <0 to CO <0 <0 <0 to CO <0 CO cO to CO to CO CO <0 CO 


xaoj’’ss3'a>a'3-?’ cMC50cococorotocMrv.o’coxRtocOfN ca 

OCMC0C0C0'X3CM^K'K'»-*t0\0»AUXtAKX0XCM.2*‘A30rexiACM»-< 

.tf-^rexfexrofA^^miAtA^^lAKxfexrexcMCMCMrexccNKxrexorN. 


tors 

to 


to ^ 


cotoxaxa'rsxaxarastarxra*':' 
cO CO <0 CO (O CO <0 to CO 03 


sasatt r-il/xlASxlAh^f-CCXfM 
oi tA .'N. tn xa CM CM cj* o 
.3* lO lA CN ?*; CM CM CM CM CM CM CM 


• 0'»0 
03 03 to 


rs. r>. r>. rs. r>. tN. 

to O tO to tO tO to 
CO to 03 to CO eo CO 

i i ! i 


^s.^^•r^^s^s.^«i.r>.^srs.^s. rs-.r^. ^Nr^^s.^N.^sr«..^■»^s^s^s.^ r>.rs.rs. 

-3*^4r.3'^^-T*9‘.T^.3'<r^sf.3'.3'srcr.3’o ^ v.r^-cr^ 

0t0t0c30t00t0t0t0t00t0t0t0t0s00t00t0t0v0t0ti-'0 
to,CO CO (O CO 03 CO CO CO (O 03. 


I 


.3.03 CO 0.3 CO to 03 (O to .03 CO CO CO CO to tv 

I : I i I * I i 

!!;!!*!! 


tN. rs. 
jj- cr 
o to 
*o CO 
j 


r>. N. »>. As rs..r>. w h*. rs. r>. ^> r-* 

.3* .3- O?" *3* •?• -S’ •?■ J- %** 

I00t0t0 0000t0t0t0‘0' 

03 <0 co co 03 to 03 to CO CO to CO 
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OlOH^c»c»c'r-•, 

^ CT^CM ooio r^isr*%or«<»ioo rs.oootAiOOiOioidtdiDis;r<o fvoootSiDiD o<:fo o 
• 0 •'TZ ^ • 00000000000 0 0 00000 0 0 0 0 ••*‘0 •o** 

''Sm oct O OOC^OO^C^C^OC^^ O •(7>000 •c>c^ 

iOK^tAC>(A|/^ lAlAlAlAlA(r\(AlA4A(A'iAlAtAl/\tAtAU\tAlAk/\U\ lA IAU% lAOlAUVlA IAO'U^U^ 
r-«C^H^tAK«‘N'rAH^^^^^N'^AK^N'K'^AH'K't<^KV|^^^K^|A^^K^^^|AK»^AK'lA K\ lA KV fA 

K*^X3n5'ra»a^xato’«xt5ri'tiaritaiatata^3’ai^a»>:a^'fiatj^>3 >?: 

I I I I I t 1 cc I I I I I l« I I I I I I I I t* I I I I I t I I I 1 I' t I I I t 


WlACM'dN'4*»-<OOCO^*^fANNC>l«^a'JiOfO*AO»lAlACOiawC»^|S*01>2:tAOlAlA'SasAC5 

•-•coo*-»tAovacoo3co^j‘A^f«^tA^j*fs.j*a»u\K‘^c',»"uit-*»AcotA»A tri'a ^ w a* oo o> 

>ao^’Qri‘« I'Sita o wot^coxaviw itatr. otao^aaaTSit'i. 

cc <<d * <«s U*' Cd C£ C^ (C C£ cd <o CS ti </> CC C9 CC 


CS|tAlAIArs.^*^^<53K'^0»>«C>/HCOC»OC'l1r4*^J*rO»^Kvr/\rs.,-.r-tts*iAN.,Cs.*rs,^C3hs.KSC^ 
•A^. K\K'^lA^K\fAcf^KSfA^N^»^K^^^K'K\^lAlA»A|^J«OlAKVrA4j-iAJ*^^ -3* 

rs. Ai. fs. f^Vs. r^•^N.r^*^..fs.^Hfs.f>.^..^s^v^i.^fs.^i-.^^^^»^s^«..^%^«.^>^^v^*^s►^%|s^|s»N.fs»^v|s*h* I^.N. 
w’s'O'ci'O'sara^aco Xits o^tariis^c&'sa tita 'Wi^a’ia’cx'a^^a^^'ariia^ r's *52 >ss >*a 
os cd a ca cs ca oa ca os oa a ca ososos os osososos os i^uosi-sosost^oscacstc os 


^ooN>lAcOlO!A^''lAo^s.^^rs.^aotAtAJ•^^J^OlDJ•-•^t^lA^u^•^y^^^eac^»oc■ 

AIC^JC4<Mfs^OCM^M^JCM^4lA^JC^^V^^C^^CMCM^JC'^^JCM^^^CMCMe*4^4 CMCMCSCMMCMCMCNrCgAi f.’ 

• «•«•c^J««*«•^: «*••*•••«*•»••*•*•»*••••*•• 

^ r-0 »>4 #-< ^ ^ A* ^ ^Ci ^ ^ ^ ^ ^ ^ 0"^ *0* 0^ ^ A* ^ 

■« '-:t'n'a". •-• ■Ki'VflTR'a-::! -ra'-a va'rttara »r tsia ts V:■ra tb« xar>x> 'o vs -r. 

ca <^ <a <^ <i OS <a OS <■(> <-s OS o!. iZ' OS oa ta os ta ta os ta oa os os o <4^ ta <a ta <a <a oa ta <a os os ts 


u^^/^^^<oc»c^^<M^>f3^«^•oxac'o^Af>.h^u^u^cArAh^o>xau^u^rs.p^cA'^iCJ•A^JiOu>coN^c^o 
cs<Mxacrtxa<MM%af^^ ’axa iAco<o<M*-*c^c'4c^cgcMMC'4K>cs^o'a'ci»-«^cM»Ah».ir\rvfov&C'4 

««•«•«« •va « •r\ .♦ ••a ... 
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APPENDIX B 

COMPLETE AUTOCORRELATION RESULTS 






SIMPLIFIED AUTOCOBRELATION FUNCTIONS 
NORMALIZED VARTANCE VS. TIME 
(EACH LAG= 2.5 SEC) 



{52 = 13%= 0.60 

Xj 

6 2 = 87%-2.98 
xi 

< 5^2 = 4 .58 = VARIANCE 
L = 107 SEC 
H = 2.5 SEC 


( 5 j^ = 0.774 
6jr = 1»95 
6rj. = 2.14 
s7n = -4.47 


RUN 2 LEG 1 SIGNAL-TO-NOBE 

5, 000 YARDS 

DATA BASED ON 247 SELECTED FRAMES 
(617 SECONDS), 10% LAG 


B-1 







H 


$ 



L 



NO. OF LAGS 


= 48%= 0.413 

(3 2 = 52% =0.449 
11 

= 0.86 = VARIANCE 
L = 111 SEC 
H = 3.75 SEC 


6_ = 0.642 

li 

Gr “ 0*668 
6^ = 0.926 
ITN = -5.47 


RUN 2 LEG 2 SIGNAL-TO-NOKE 

10, poo YARDS 

DATA B/iSED ON 308 FRAMES 
(ENTIRE RLTM) OR 770 SECONDS WITH 10% LAG 


B- 













SIMPLIFIED AUTOCORRELATION RESULIS 
NORMALIZED VARIANCE VS. TIME 



(<_2 = 38% =1,77 

Xi 

6^ = 62% = 2. 89 

ll 

6^2 = 4. 66 = VARIANCE 
L = 117. 5 SEC 
H = 3.75 SEC 


( 5 ^ = 1-33 
6h= 1.70 

C5.p = 2.16 

s7n = -7.83 


RUN 2 LEG 3 SIGNAL-TO-NOISE 

20, 000 YARDS 

DATA BASED ON 467 FRAMES 
(ENTIRE RUN) OR 1170 SECONDS WITH 10% LAG 










SIMPLIFIED AUTOCORRELATION FUNCTIONS 
NORMALIZED VARIANCE VSi TIME 



RUN 2 LEG 4 SIGNAL-TO-NOISE 

40, 000 YARDS 

DATA BASED ON 505 FRAMES 
(ENTIRE RUN) r 1260 SECONDS, 10% LAG 


B-4 








SIMPLIFIED AUTOCORRELATION FUNCTIONS 



0 2= 29% =-. 248 

li 

6^2 = 71% = . 604 
(5^2 = 0. 85 = VARIANCE 
L = 2] 5 SEC 
H =10 SEC 


6, ='.496 

ii 

= .776 
6 ^ - . 921 
= -6.38 


RUN 2 CLOSING SIGNAL-TO-NOISE 

DATA BASED ON FIRST 693 FRAMES 
(1730 SECONDS), 10% LAG 


B-5 


i 






6 ^ = 18% = 0.402 

= 82% = 1, 830 
xl 

(5^2 = 2. 23 = VARIANCF 
L = 65 SEC 
H =9.4 SEC 


6 ^ = 0. 634 

= 1.352 
H 

6^ = 1.493 

X 

= -7.80 


KUN 2 CLOSING SIGNAL-TO-NOISE 
DATA BASED ON 476 FRAMES 
(693-1169) - 1190 SECONDS, 10% LAG 
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SMPLIFIED AUTOCORRELATION FUNCTIONS 



(5 2 = 52% = 4,16 

Li 

dg2 = 48% = 3.85 
(5^2 = 8.01 = VARIANCE 
L = 132 SEC 
H 5 SEC 


6^ = 2.04 
6jj = 1.96 
6,j, - 2. 83 
^ = +2.91 


RTTN 3 LEG 2 SIGNAL-TO-NOISE 

10, COO YARDS 

DATA BASED ON 364 FRAIvIES 
(ENTIRE RUN) - (910 SECONDS) 10% LAG 


B-9 




AMPLIFIED AUTOCORRELATION FUNCTIONS 
'NORMAUZED VARIANCE VS. TIME 



d/ = 23%= 1.24 
^2 

d„ = 77% = 4.15 

ll 

6 ^^ = 5.39 = VARIANCE 
L = 132 SEC 
H =7.5 SEC 


(5l = 1.11 

C„ = 2. 04 
11 

6^ = 2.32 
sTn = -4.67 


RUN 3 LEG 3 SIGNAL-TO-NOISE 

20, 000 YARDS 

DATA BASED ON 508 FILi.MES 
(ENTIRE RUN) - 1270 SECONDS, 10% LAG 


B-10 






SIMPLIFIED AUTOCORRELATION FUNCTIONS 


NORMALIZED VARIANCE VS. TIME 



= 4%= ,137 6 = .370 

6 2= 96% =2.97 6 = 1.72 

H '“i 

6 ^ = 3.11 = V.\RIANCE (5^ = 1.76 

L = 32. 5 SEC s7n -4. 56 

H = 7. 5 SEC 


RUN 3 LEG 4 SIGNAL-TO-NOISE 

40, 000 YARDS 

DATA BASED ON 296 FRAMES 
(043 TO 339) - 740 SECONDS, 10% LAG 





SIMPLIFIED AUTOCORRELATION FUNCTIONS 



= 46%=-- 3.40 
54% = 4. 05 

11 

6 ^ = 7.45 = VARIANCE 
L = 90 SEC 

H = 7. 5 SEC 


6l=1.84 

6 „ = 2.01 
ri 

6 ^ = 2.38 
^ = -2.58 


RUN 3 LEG 4 SIGNAL-TO-NOISE 

40, 000 YARDS 

DATA BASED ON 393 FRAMES 
(ENTIRE RUN) - 980 SECONDS, 10% LAG 


B-12 





SIMPLIFIED AUTOCOPJRELATION FUNCTIONS 
NORMALIZED VARIANCE VS. TIME 





6j^2 = i%=.04 6^ =0.20 

<5„2 = 99% = 3,90 6 = 1.97 

H n 

6^2 = 3.94 = VARIANCE 6^ = 1.98 

L = 28.5 SEC s7n = -5.75 

H = 5 SEC 


RUN 3 LEG 5 SIGNAL-TO-NOISE 

• 60, 000 YARDS 
DATA BASED ON 266 FRAMES 
(035-300) 665 SECONDS, 10% LAG 








'tt /U 

n n 


6^2 = 10. 26 = VARIANCE = 3. 20 

L = 125 SEC 




RUN 3 LEG 5 SIGNAL-TO-NOISE 

60, 000 YARDS 

DATA BASED ON 484 FRAMES 
(ENTIRE RUN) - 1210 SECONDS, 10% LAG 
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SIMPLIFIED AUTOCORRELATION FUNCTIONS 
NORMALIZED VARIANCE VS. TIME 





_ 2 = 92% = . 00394 

Xi 

6j‘ = 8% =.000343 
H 

^2 = . 00429 = VARIANCE 
L = 150 SEC 
H =10 SEC 


d_ = .0628 
L 

= .0185 

Xi 

6^ = . 0554 


RUN 2 LEG 4 (BEARING) 

40, 000 YARDS 

DATA BASED ON 346 FRAMES 
(114-460) - 865 SECOLDS, 10% LAG 










SIMPLIFIED AUTOCORRELATION FUNCTIONS 
NORMALIZED VARIANCE VS. TIME 



6^' = 67% = . 01740 

( 5^2 = 33 % := , 00855 

6^2 , 0259 = VARL4NCE 

L =80 SEC 
H = 7. 5 SEC 


6 ~ • 132 

6„ = .0924 

li 

6rj, = .161 


RUN 3 LEG 4 (D/E) 

An Ann 

IV, WV XXXIXUO 

DATA BASED ON 317 FRAMES 
(076-393) 792 SECONDS, 10% LAG 








RUN 3 LEG 4 (BEARING) 

40,000 YARDS 

DATA BASED ON 393 FRAMES 
(ENTIRE RUN) - 980 SECONDS, 19% LAG 
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SIMPLIFIED AUTOCORRELATION FUNCTIONS 
NORMALIZED VARIANCE VS. TBIE 












1.0 


SaiPLIFIEB AUTOCORRELATION FUNCTIONS 
NORMALIZED VARIANCE VS. TIME 


I 

I 


i 


1 




I 




0.5 


2 
'l 

1_P.O 




L 


NO. OF LAGS 


6r^ = 48% = . 00786 

Xi 

6^^ = 52% = . 00852 
^^2 = . 0164 = VARIANCE 
L = 132 SEC 
H = 3.75 SEC 


= .0886 

6„ •= .0923 
xl 

= .128 


RUN 3 LEG 5 (SPEED) 

80, 000 YARDS 

DATA BASED ON 454 FRAMES 
(ENTIRE RUN) - 1135 SECONDS, 10% LAG 












■mis SEPOvT HAS BSEN DELIMITED 
» CLEAfiEO FDR public release 

oN'D£R f Q directive S20f:,2‘j AND 

USE .-i<l 

DISTRlBUriON STATEm A 


approved for public RELEASE; 
distribution UNLlt^rjED, 




